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INTRODUCTION
The isopod Saduria (Mesidotea) entomon (L.) occurs in the deeper waters in the Baltic, normally buried in the sediment. It is a very eurybiontic species showing extremely high tolerances to anoxia and salinity variations, whilst temperatures above 12 to 15 "C are lethal (Hagerman & Szaniawska unpubl.) . The metabolic rate is low with a high efficiency of oxygen extraction making it possible to maintain a stable MOz respiratory rate down to 5 or 10 Torr (Hagerman & Szaniawska 1988 ). Even at low p,02 S. entomon seems to be active, undertaking digging and feeding.
Anaerobic metabolism, starting when oxygen extraction can no longer be maintained, results in only a slight increase in haemolymph lactate with time in Saduria entomon (Hagerman & Szaniawska 1988) . This is surprising as lactate is normally the only endproduct of anaerobic glycolysis in crustaceans (de Zwaan & Putzer 1985) . In a few crustaceans, Cirolana borealis (de Zwaan & Skjoldal 1979) , Upogebia pugettensis and Callianassa californiensis (Zebe 1982) , and the merostomate Limulus polyphemus (Carlsson & Gade 1986 ), signs of other fermentation products (alanine and succinate) have been found besides lactate. Most earlier experiments on crustacean anaerobic metabolism exposed the experimental animals to relatively short periods of hypoxia/anoxia, usually a few hours, up to 48 h. There is thus the possibihty that S. entomon, unusually for a crustacean, uses another strategy of anaerobic metabolism than lactate-producing glycolysis. The purpose of the present work is to study patterns and changes of anaerobic metabolism in S. entomon under prolonged anoxic conditions.
MATERIAL AND METHODS
Saduria entomon were collected at depths greater than 15 m in the Gulf of Gdansk, Poland (S, 7 to 8 %o; T, 8 "C), brought to Helsingerr, Denmark by car and ship, and stored under the same temperature/salinity conditions. Specimens were fed twice weekly with shrimp meat. Anoxic conditions were maintained for up to 300 h by bubbling with N2. Oxygen tension was monitored continously with a Radiometer E 5047 oxygen electrode connected to a Rahometer PHM 73 acid-base analyser. In the anoxia experiments oxygen tension was always lower than 1 Torr.
Biochemical analyses. Glycogen: Saduria entomon were dried at 60 to 70 "C, pulverised, and subsamples of 100 mg taken. These were boiled with 0.5 m1 20 ?h KOH for 20 min. After cooling, 5 m1 of 96 O/O ethanol was added and the samples stored for 24 h in a refrigerator. After centrifugation the precipitate was extracted twice with 0.5 m1 TCA (trichloroacetic acid), combined and again precipitated with 2 m1 ethanol. The fluid was removed and the precipitate dissolved in 1 m1 distilled water. Glycogen was then measured by the anthronereagent method as described by Vooys (1987) .
Aspartate was measured via aspartate-amino transferase (GOT; glutamic oxaloacetate transaminase) in the haemolymph following the Sigma Diagnostics procedure no. DG 158-UV. Presence of GOT in the haemolymph would indicate presence of aspartate in the tissues.
Alanine-aminotransferase was similarly measured following Sigma Diagnostics procedure DG 159-UV.
Lactate in haemolymph and water was analysed with Boehringer-Mannheim Test Kit 139084.
Glucose: Circulating glucose was analysed according to Sigma Diagnostic procedure no. 510.
Alanine in haemolymph and tissue was measured by HPLC (Perkin-Elmer Series 2) by pre-column reaction with orthophthaldehyde and fluorescence detection, according to Gardner & Miller (1980) . Succinate: A haemolymph sample was taken or tissue was dissected in a beaker on ice and under a flow of nitrogen. The tissue was homogenised with 2 volumes (v/ W) cold 0.02 M KOH-borate buffer pH 9.5. Double samples were weighed and deproteinised by the addition of the same weight of 6 % ice-cold TCA. The samples were thereafter centrifuged at 12 700 X g for 30 min at 4 "C. A known volume of the supernatant was neutralised with 5 M K2CO3 with phenol-red as indicator. The succinate in the supernatant was then determined according to Boehringer-Mannheim Test Kit 176281.
Acetate: Circulating acetate was analysed using Boehringer-Mannheim Test k t 148261.
With the exception of alanine, all these biochemical assays are based on methods described in Bergmeyer (1985) . For practical reasons (amount of tissue, number of specimens) it was not possible to perform all assays on both tissue and blood (haemolymph). For assays performed on blood only it can be argued that if a n endproduct of aerobic-anaerobic metabolism was produced in the tissues it would also b e found in the blood.
RESULTS
The concentrations of substrates and metabolites at normoxia and after anoxic periods of up to 300 h are summarised in Table 1 . Glycogen, expressed as dry weight (dwt), including carapace weight, which constitutes ca 45 O/ O of wet weight, showed large individual variation (Fig. l ) . A decrease from normoxic values took place with exposure to anoxia until, after ca 100 h of anoxia a stable low level around 3 to 5 pm01 g-' dwt was reached. The mobilisation of glycogen was thus faster during the first 100 h of anoxia, being ca 0.25 pm01 h-'. Later the flux decreased by a factor of 10, and approached 0.025 pm01 h-'. A reduction to half the normoxic glycogen concentration had taken place by 48 h of anoxia.
Circulating glucose, which reflects the utilization of glycogen, increased considerably from normoxic (150 pm01 1-I blood), rising after 100 to 120 h anoxia to 1400 pm01 1-' blood ( Fig. 2) . The marked decrease after this period apparently corresponds to the change in glycolytic flux as seen in the lowered glycogen concentrations above.
Tissue aspartate (indirectly indicated by aspartateaminotransferase) was not detectable, nor was alanineaminotransferase as an indicator of the aspartate-alanine shuttle (de Zwaan & Putzer 1985) . Aspartic acid in the haemolymph was, however, found in small, varying quantities. Aspartic acid in haemolymph is part of the FAA-pool and used forisosmoticintracellular regulation.
Of the various anaerobic metabolites, succinate was not detectable even after 240 h anoxia either in tissue or blood, and acetate only in concentrations as low as 40 to 50 pm01 1-' blood.
Circulating lactate increased a Little from normoxic 200 to 600 wmol 1-' blood to generally 1000 to 2000 pm01 1-' blood after 240 h anoxia (Fig. 3 ) (see also Hagerman & Szaniawska 1988) . After the longest anoxic periods, decreased lactate levels were again evident. However, during the first 72 h, some specimens had very high levels of lactate, from 8000 to 
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Under escape reactions, i.e. rapid beating of the abdomen, in for instance Homarus, Nephrops, or Crangon, a n immediate mobilisation of high energy phosphagens (phosphoarginine, etc.) takes place, generating the necessary ATP in a very short time. The phosphagens are, however, depleted in seconds or a few minutes. For anoxic activity at a little lower level (swimming, eating) the lactate pathway can be used longer combined with a n efficient utilisation of the last available oxygen in the water. The strategy of Saduria entomon using the glycogen-lactate pathway under exercise anaerobiosis under anoxia of comparatively short duration is thus an adaptation similar to most other crustaceans, maintaining a high ATP output per unit time even during anaerobic activity. On the other hand, the energy demand for the inactive, usually buried S, entomon is much lower, and in order to survive an extended anoxia it can turn to an anaerobic strategy not dependent on the glycogen-lactate pathway.
Alanine was found to be an important anaerobic endproduct in Saduria entomon, increasing steadily with time during anoxia and being the quantitatively most important endproduct after 40 to 60 h of anoxia. Increases in alanine during anoxia have only been found in a few cases in crustaceans. Normoxic alanine levels in blood and tissue were of the same order as reported for other crustaceans (Yamaoka & Skinner 1976 , d e Zwaan & Skjoldal 1979 , Zebe 1982 , Carlsson & Gade 1986 ). In Upogebia pugettensis and Callianassa californiensis alanine increased by around 50 % after 24 h anoxia, but lactate dominated the whole time (Zebe 1982 The aerobic-anaerobic strategy of Saduria entomon is summarised in Fig. 5 . During very active behaviour, which can also take place under anoxic conditions, the anaerobic strategy is thus a typical crustacean strategy, the glycogen-lactate pathway. In the often anoxic Baltic bottom water and sediment, S. entomon has adapted its metabolism to a low level in a manner typical for buried, sluggish species, where requirements for spontaneous high activity are seldom. The anaerobic strategy suitable for this is the glycogen-alanine pathway making it possible for S. entomon to survive prolonged anoxia.
